To determine the clinical utility of SNAP score versus the highest oxygen index (OI) in first 24 hours of admission in predicting outcome of HRF.
INTRODUCTION
In the term and near-term infants, persistent pulmonary hypertension of the newborn (PPHN) is often the primary cause for hypoxic respiratory failure (HRF) resulting from various underlying pathologic conditions (meconium aspiration syndrome, pneumonia, ARDS, etc). PPHN has high mortality (11 to 48%) [1] [2] [3] [4] [5] with the most severely affected requiring extracorporeal membrane oxygenation (ECMO). 6, 7 A timely transfer for inhaled nitric oxide (iNO) or ECMO may improve the outcome of this condition.
The oxygen index (OI) is one measure for quantifying the severity of HRF. In PPHN, an OI >40 has an associated mortality rate of 60 to 80% and hence is a criterion for ECMO. [5] [6] [7] [8] The score for neonatal acute physiology (SNAP) is a physiological severity index recorded in first 24 hours of admission and is calculated based on 34 objective physiologic measurements including OI, blood pressure, and blood chemistries. 9, 10 SNAP score correlates well with nursing workload, length of stay and physician estimates of overall mortality. [9] [10] [11] SNAP score has been validated for predicting mortality, most often in sick low-birth-weight infants. 9, 10, 12 Although both the SNAP score and the highest OI within the first 24 hours of admission, are useful tools in predicting the outcome of sick neonates, neither has been evaluated in predicting the outcome of HRF. Early identification of infants, prior to their development of refractory respiratory failure, may facilitate a more timely transfer to a center that provides ECMO or iNO. The purpose of this study was to evaluate the utility of SNAP score and the highest OI obtained in the first 24 hours of admission in predicting death and/or requirement of ECMO in HRF.
DESIGN AND METHODS
This is a retrospective cohort study of term and near-term infants admitted to the neonatal intensive care unit (NICU) at the MetroHealth Medical Center (MHMC, Cleveland, OH). This NICU is a level III unit with over 700 admissions per year. Besides receiving admissions from our high-risk perinatal service, the unit serves as a referral center for several community hospitals in the surrounding geographical area. This unit is similar to the 12 units comprising the NICHD consortium for prevalence of PPHN 4.6 versus 1.9% (range 0.43 to 6.82%), survival 91.9% versus 88% (67 to 96%) and need for ECMO 13% versus 34% (0 to 85%), respectively.
1 Infants who fail nonconventional ventilation (jet ventilation or high frequency ventilation) are subsequently transferred to our regional ECMO center located at the Rainbow Babies and Children's Hospital (RB&C, Cleveland, OH).
Patient Selection
All infants admitted to the NICU at MHMC with a diagnosis of HRF between July 1991 and June 1999 were eligible for this study. The inclusion criteria were infants Z36 weeks gestation with HRF. HRF was defined as requirement of endotracheal intubation followed by mechanical ventilationZ12 hours with an FiO 2 Z0.50. The exclusion criterion was the presence of any life threatening congenital anomaly (i.e., diaphragmatic hernia, cyanotic congenital heart disease, chromosomal anomalies, abdominal wall defects). NICU admission logbook, NICU electronic database and MHMC electronic database were used to generate a list of all candidates. From a potential list of 249 infants, 57 (22.9%) were excluded for a congenital anomaly (abdominal wall defect, n ¼ 26; diaphragmatic hernia, n ¼ 13; multiple congenital anomalies, n ¼ 9; congenital heart disease, n ¼ 9). An additional 8 (3.3%) were excluded for unavailable medical records.
Data Extraction
The following information was abstracted from the medical records: demographic variables, perinatal history, postnatal treatment modalities, SNAP score and highest OI in the first 24 hours of admission to NICU, primary outcome measures (death and/or ECMO) and secondary outcome measures (length of stay, duration of mechanical ventilation). For infants transported for ECMO, medical records from both institutions were reviewed.
Definitions SNAP score is a summation of 34 objective physiologic variables obtained within the first 24 hours of admission, which includes OI, blood pressure, and blood chemistries. 9 Each variable is recorded on an ordinal scale and then summated. The OI is computed from the following formula: OI ¼ [(Mean Airway Pressure) (FiO 2 ) (100)]/(postductal PaO 2 ). The primary outcome was defined a priori as survival without ECMO versus ECMO and/or death. The secondary outcomes were duration of mechanical ventilation (hours), days in supplemental oxygen and hospital length of stay. The SNAP scores and highest OI were collapsed into the following categories: SNAP (group 1: 0 to 9; group 2: 10 to 19; and group 3: >19) and highest OI (group 1: <14; group 2: 14 to 25; and group 3: >25). These arbitrarily chosen categories were based upon our preliminary data analysis, and are comparable to the criteria used in previous studies in predicting neonatal outcome. [12] [13] [14] The purpose of the categorical analysis was to describe our patients in relationship to the severity of illness. This analysis illustrates the relationship of these markers for severity of illness with regards to the intensity of other interventions and to the development of adverse outcomes.
Data Analysis
Parametric, interval level data are reported as mean ±SD, whereas the ordinal and nonparametric interval data are reported as the median with the 25th to 75th percentile. Interval level data were considered to be nonparametric if the kurtosis or skewness was >3.0 or <À3.0. w 2 -test was used for categorical variables. Ordinal and nonparametric interval data were analyzed with KruskalWallis H or Mann-Whitney U tests. If the p-value from the Kruskal-Wallis test was <0.05, the Mann-Whitney U test was then performed with the Bonferroni correction to reduce the testwise error. Statistical significance was defined a priori as p<0.05 (two-tail). The data were analyzed using the SPSS for Windows V 10.0 (SPSS Inc., Chicago, IL).
The receiver operating characteristics curves (ROC) for SNAP and highest OI were produced by plotting the sensitivity (true positive rate on the y-axis) versus 100-specificity (false-positive rate on the x-axis) for each discrete value of the SNAP score and highest OI using the outcome of survival (without ECMO) versus ECMO and/or death. A scale with an excellent cutoff value for predicting the outcome would produce an ROC curve with a sharp breakpoint in the left upper corner, whereas one with a nondiscriminate cutoff point would generate a diagonal line through the origin. The best cutoff value for a tertiary care NICU would be represented on the ROC curve at the middle of the shoulder (cutoff value with the best possible sensitivity and specificity), whereas the best cutoff value level for a Level I nursery would be the point at which the shoulder begins (highest possible sensitivity with an acceptable specificity). 15 The area and standard error under each ROC curve were computed by the maximum likelihood estimates and compared to each other by the paired critical ratio Z-test. 16 The ROC curve analysis was performed using ''the ROC Curve Analyze, V6.0''. 17 In developing and evaluating clinical scoring systems for predicting outcome, the goal is for the area under the ROC curve to exceed 0.70. 18 Most ICU scoring systems have areas in the 0.80 to 0.90 range. 19, 20 The 95% confidence intervals (CI) are also reported for sensitivity and specificity. 13 Of the 57/184 (31%) infants transferred to RB&C (median age 22 hours; range 2 to 145) for consideration of iNO/ECMO, 32 were inborn versus 25 outborn. The median age of initiation of ECMO in the 24 infants was 22 (range 7.5 to 150) hours. The 12 infants who died without receiving ECMO (including four during or soon after transport to RB&C and before initiation of ECMO), died at 26 (range 5 to 168) hours from the following etiology: six with meconium aspiration syndrome and multiorgan failure including renal failure, two with primary PPHN, two with overwhelming Group B Streptococcus sepsis, one pulmonary hemorrhage with seizures, and one with severe hypoxic ischemic encephalopathy, pneumonia, pneumothorax and pneumopericardium. The infant and maternal demographics were similar between those who survived without ECMO and those who died and/or received ECMO (Table 1) .
Therapeutic Interventions
Infants who underwent ECMO and/or died in contrast to the survivors (without ECMO) were more likely to be ventilated with oscillator/jet ventilator (33.4 versus 9.5%), to receive neuromuscular blockade (80.6 versus 36.5%), bicarbonate infusions (50.0% versus 24.4%) and inotropic support (91.75 versus 53.4%) and undergo an echocardiogram to confirm the diagnosis of PPHN (91.7 versus 56.8%), respectively (p<0.005). The surfactant usage was similar in both groups (33.4 versus 27.8%, respectively).
Outcome by SNAP Score Among the three SNAP groups, the mortality rate and need for ECMO increased as the SNAP score increased (p<0.003). The duration of mechanical ventilation and highest OI increased with increase in SNAP (p<0.01) ( Table 2) . Patients who died had higher SNAP scores than the survivors (24.8 ±8.1 versus 16.5±6.9, p<0.001). They died early in their hospital course as reflected in their shorter length of stay in comparison to survivors (7.0 ± 9.4 versus 18.3 ± 14.9 days, p<0.001). Among the survivors, the SNAP increased in parallel with duration of mechanical ventilation (group 1, 71.5±64. Outcome by Highest OI in first 24 hours of admission Among the three OI categories, the mortality rate and the usage of ECMO increased as the highest OI in the first 24 hours increased (p<0.001, Table 3 ). Patients who died had higher OI in first 24 hours than the survivors (60.1±44.7 versus 25.7±21.4, p<0.001). None of the infants with OI<14 died, while 80% of total deaths and 78% of infants requiring ECMO and/or death had an OI>25. Among the survivors, the OI category increased in parallel with their duration of mechanical ventilation (group 1, 87.0±73.3; group 2, 169.4±145.1; group 3, 180.8±140.9 hours; p<0.05 between group 1 versus 2, and 1 versus 3), days to room air (group 1, 7.3±6.0; group 2, 12.0±11.6; group 3, 15.6±15.9; p<0.05 between groups 1 versus 2, and 1 versus 3) and length of stay (group 1, 13.8±7.4; group 2, 18.3±12.8; group 3, 23.2±20.1 days; p<0.05 between groups 1 and 3).
SNAP Score and OI Predicting Outcome
The area under the ROC curve for SNAP score and highest OI in first 24 hours was similar (Figure 1 ). The best SNAP score (highest sensitivity with best specificity) for predicting death and/or ECMO was 19 (sensitivity 75%, 95% CI: 57.5 to 87.2%; specificity 71%, 95% CI: 62.8 to 78), where as the highest OI in the first 24 hours was 28 (sensitivity 75.0%, 95% CI: 57.2 to 87.2; specificity 76.4%, 95% CI: 
DISCUSSION
The key finding of this study is that both the SNAP score and the highest OI in the first 24 hours of admission can identify most term and near-term infants with hypoxic respiratory failure who will subsequently die or require ECMO. Infants with a SNAP score greater than 19 or a highest OI greater than 28 have a two-fold increase in risk for dying and/or requiring ECMO (pretest risk 19.6%, post-test risk with a positive test or positive predictive value of 38.6 and 43.5%, respectively). The SNAP score and the highest OI in the first 24 hours were similar in their ability to predict those who may develop these adverse outcome. This is the first study to our knowledge evaluating clinical scoring systems early in the course of HRF for predicting outcome. Prior studies have used the highest OI during the entire hospital course for HRF for predicting mortality or have used clinical scoring systems (i.e., SNAP, SNAPPE-II) in the first day of life for predicting in hospital mortality irrespective of disease states. The SNAPPE-II Score when performed during the first 12 hours of life had a higher area under the curve than reported in this manuscript (0.87 versus 0.81). 13 This may be secondary to our exclusion of infants with severe congenital anomalies (diaphragmatic hernia) and to the difference in severity of illness between the two cohorts. In the SNAPPE-II cohort, 77% of the infants Z1500 g had a SNAP score r9 in contrast to 14% in our cohort. The inclusion of severe birth defects with HRF would have probably improved the sensitivity secondary to a higher ''true positive rate,'' whereas studying a less severe population would have increased the specificity secondary to a higher ''true negative rate''. In the categorical analysis of SNAP scores and highest OI in the first 24 hours, as the category increased, so did the mortality rate, requirement for ECMO, length of stay and use of medical interventions (ventilator support, inotropic medications). As in the low-birth-weight infant studies predicting outcome regardless of disease processes, these scoring systems can also be used to predict mortality and utilization of health care resources for a specific disease process.
Potential limitations of this study include: the clinical diagnosis of PPHN in some infants, the lack of other markers for respiratory severity, the clinical use of OI in initiating ECMO, the effect of therapy on OI/SNAP scores and the limitation of scoring systems to the first 24 hours of admission. The diagnosis of PPHN was confirmed by echocardiography in 63.6% of the infants with the remainder receiving a clinical diagnosis of PPHN upon discharge from the NICU. Even though the majority of patients had the diagnosis confirmed by echocardiography, the term HRF was used instead of PPHN. The OI was chosen over other markers of respiratory severity (PO 2 /fraction of inspired oxygen, arterialalveolar oxygen difference) because they were statistically equivalent in the development of the SNAPPE-II 13 and the OI is one of the criteria in deciding on the initiation of iNO 14, 19 or ECMO therapy. The clinical use of OI in the decision-making process may lead to the potential of incorporation bias. The potential for this bias would not be present in the patients who died prior to ECMO therapy, in those who received ECMO beyond the first day of life and in the evaluation of the SNAP score. As the patient illness becomes worse, reflected as a higher OI, they would have received additional therapy including surfactant, HFV, and inotropic support. These additional therapies could have slowed the rate of rise of their OI/SNAP scores, which could have had a lowering (or dampening) effect on the ROC curve. Extending the data collection period for the scoring systems beyond the first day of admission would have enhanced the ability of the two scoring systems to detect adverse outcomes; however, it would have detracted from the objective of this study, which is the early identification of infants who die and or require ECMO.
One of the strengths of this study is that it consists of almost all of the admissions (97.6%) for HRF over an 8-year period to a level III NICU. Even though this unit is comparable in prevalence and outcome of PPHN to the other 12 units comprising the NICHD consortium for prevalence of PPHN, before these findings can be implemented at the bedside, they should be confirmed in a multicenter study.
Recent published data suggest that the use of alternative therapies like iNO may obviate the need for ECMO. 21 Also, ECMO use in infants with severe HRF decreases mortality. 22 Centers managing infants with HRF, but without these therapies, need to assess the risk of death early in the infant's hospital course in order to safely transport these infants to appropriate facilities. The SNAP score and highest OI in the first 24 hours of admission are effective and similar in predicting death and/or ECMO requirement. The best overall cutoff values for SNAP score (19) and OI (28) and the screening test values for SNAP score (14) and OI (15) could be easily utilized in management and transport decisions. In practical terms, levels I and II units may use the lower screening values of SNAP and OI (which have a higher sensitivity) for decision to transfer these infants to a tertiary care unit. For tertiary NICU's without ECMO, they may elect to use the higher values (i.e., the SNAP of 19 or OI of 28, which have a higher specificity) in deciding when to transfer infants to ECMO centers. Since both the SNAP score and highest OI in first 24 hours of admission are comparable in predicting outcomes, we would recommend OI because it is simple to use. Unlike previous studies on SNAP and OI, this study provides the physician with cutoff values obtained during the first 24 hours of admission, which would assist him in making an earlier triage decision to the appropriate neonatal care facility.
CONCLUSION
In infants with HRF, SNAP score and the highest OI in the first 24 hours of admission can identify infants at risk for death and/or ECMO requirement. In addition, they also predict duration of assisted ventilation, days of supplemental oxygen and length of hospital stay. These scoring systems are similar in their ability to predict mortality and requirement for ECMO. Both the SNAP score and highest OI in the first 24 hours of admission may be useful tools for allocation of resources, early introduction of alternative therapies like iNO and ECMO or counseling parents. Following confirmation of these findings, preferably at other centers, would then allow centers without iNO or ECMO, caring for critically ill newborn infants, to use the SNAP score and highest OI in first 24 hours of admission to identify infants that likely require transfer.
